The anti-diabetic drug metformin inhibits pancreatic cancer cell proliferation in vitro and in vivo: Study of the microRNAs associated with the antitumor effect of metformin.
Recent studies suggest that metformin, which is a commonly used oral anti-hyperglycemic agent of the biguanide family, may reduce cancer risk and improve prognosis, yet the detailed mechanisms by which metformin affects various types of cancers, including pancreatic cancer, remain unknown. The aim of the present study was to evaluate the effects of metformin on human pancreatic cancer cell proliferation in vitro and in vivo, and to study microRNAs (miRNAs) associated with the antitumor effect of metformin. We used the human pancreatic cancer cell lines Panc1, PK1 and PK9 to study the effects of metformin on human pancreatic cancer cells. Athymic nude mice bearing xenograft tumors were treated with or without metformin. Tumor growth was recorded after 5 weeks, and the expression of cell cycle-related proteins was determined. In addition, we used miRNA microarray tips to explore the differences in the levels of miRNAs in Panc1 cells and xenograft tumors treated with metformin or without. Metformin inhibited the proliferation of Panc1, PK1 and PK9 cells in vitro. This inhibition was accompanied by a strong decrease in G1 cyclins (particularly in cyclin D1) and retinoblastoma protein (Rb) phosphorylation. In addition, metformin reduced the phosphorylation of epidermal growth factor receptor (EGFR), particularly the phosphorylation of EGFR at Tyr845, and insulin-like growth factor 1 receptor (IGF-1R) in vitro and in vivo. miRNA expression was markedly altered by the treatment with metformin in vitro and in vivo. Our results revealed that metformin inhibits human pancreatic cancer cell proliferation and tumor growth, possibly by suppressing the cell cycle-related molecules via alteration of miRNAs.